Although being one of few drought-tolerant plants of economic importance, mango trees are irrigated to ensure optimum and consistent productivity. Especially during the dry season, when water is becoming scarce, the need for irrigation poses an increasing problem to mango production in Northern Thailand. Therefore water saving irrigation strategies should help to decrease water consumption and hence improve the water shortage situation for local farmers. Fruit growth was monitored six weeks prior to harvest by measuring length and maximum width of the fruit. After two years of experiment the results showed a potential to increase water-use efficiency (WUE) of mango by deficit irrigation. Only in one year yield in PRD-irrigated trees was significantly lower than in FI trees. Especially in the second year there was no significant difference between DI50 and PRD. DI75 had the greatest yield, however not significantly higher than FI. Differences in yield were mainly attributed to the number of fruits per tree. In addition some positive influence of deficit irrigation, i.e. DI50 and PRD, on fruit growth could be monitored. As a conclusion it can be assumed, that the crop coefficient (K c ) for mango, which is commonly used to calculate potential crop evapotranspiration (ET c ) based on the potential reference evapotranspiration (ET 0 ), overestimates the water requirement for optimum yield.
INTRODUCTION
Climatic changes (e.g. lack of precipitation) and expanding land use in horticulture have intensified pressure on water availability making it to an increasingly scarce resource. Worldwide the need has risen to investigate the sustainable use of irrigation water. Therefore, the focus is on sustainable, crop specific and water-saving irrigation techniques without detrimental affecting crop production. Successful attempts have included deficit irrigation methods like reduced deficit irrigation (RDI) or partial root zone drying (PRD) to improve WUE in various crops (Mitchell et al., 1991; Arzani et al., 2000; Hutton, 2000; Kang et al., 2002; de Souza et al., 2004; Grant et al., 2004; Nakajima et al., 2004; Romero et al., 2004; van Hooijdonk et al., 2004; de Souza et al., 2005; Kirnak et al., 2005; Tognetti et al., 2005; Wakrim et al., 2005; Wahbi et al., 2005 ) with a concomitant increase in fruit quality (Motilva et al., 2000; Bussakorn et al., 2000 Bussakorn et al., , 2001 Bussakorn and Behboudian, 2002; Pickering et al., 2002; Gelly et al., 2004) . Mango is an economically important crop in Northern Thailand and water scarcity, particularly during the dry season has become a severe problem for local farmers. Due to the lack of information available on the effect of deficit irrigation on WUE, fruit growth and size of mango, an irrigation experiment provided the opportunity to compare the effect of different water deficit strategies on mango productivity under local conditions. PRD, as one of the irrigation techniques being used, is thought to reduce plants' water consumption by enhancing abscisic acid (ABA) in the water stressed half of the roots, a hormonal signal controlling the stomatal aperture, hence reducing transpiration of the leaves (Davies et al., 2000 (Davies et al., , 2002 . Hereby, the well-watered half of the root system ensures the maintenance of fruit growth, while the vegetative growth is reduced (Dry et al., 1995 . On the other side there are claims, that reduced deficit irrigation (RDI), meaning evenly distributed water stress to the whole root system, could achieve the same beneficial effect on water consumption (dos Santos et al., 2003; Gu et al., 2004; Pudney and McCartney, 2004) . Therefore itis essential to evaluate both strategies according to their water-saving effectiveness and their impact on yield and fruit size of mango.
MATERIALS AND METHODS
In the years 2004 and 2005, 196 ten-year-old 'Chok Anan' mango trees, grafted on 'Talap Nak' rootstocks, spaced at 4 x 4 m and located at an orchard of Mae Jo University, Chiang Mai, Thailand (18.53° N, 100.03° E, 350 m a.s.l.) were assigned to different irrigation treatments as listed in Table 1 . The trees were organized in four repetitive blocks. Each block was subdivided into eight randomly arranged fields. Five of these fields were equipped with one micro-sprinkler per tree; two fields were irrigated by six drippers per tree mounted in two lines at a distance of 75 cm to the trunks; one field was kept without any irrigation system. All water lines could be closed separately by ball valves. The soil, classified as "regosol", according to FAO, is characterized by a high stone content, and thus a low water holding capacity. Water requirement for irrigation was calculated as ET c , based on climatic data obtained from the meteorological station of Mae Jo University, using "CROPWAT", a software, provided by FAO, which models crop specific water requirement by multiplication of the crop coefficient (K c ) and ET 0 based on the Penman-Monteith equation (Allen et al., 1998) . K c values of 0.8 to 1.2 are pre-set for mango.
In 2004 irrigation treatments were as followed: a) 100% irrigation according to ET c (FI); b) deficit irrigation with 50% of ET c (DI50); c) PRD with 50% of ET c (PRD); d) no irrigation (NI). In PRD treatment the irrigated part of the root system alternated every two weeks. For 2005 three modifications of the experimental setup were made. In order to test if the recommended K c value for minimum irrigation demand at maximum yield overestimates the necessary amount of water, a fifth treatment with 75% of ET c (DI75) was introduced. To exclude a potential influence of the application technique, half of the DI50 and PRD trees were irrigated with drippers and micro-sprinklers, respectively. In PRD the irrigated sides were altered when drought stress was detectable through increased stomatal resistance in the afternoon.
Fruit were harvested between the 5 th and 8 th of May in 2004 and from the 16 th to the 19 th of May in 2005, at one block per day. The number of fruit and the total yield (kg ⋅ tree -1 ) of all trees were determined. According to recommendations of the Ministry of Agriculture of Thailand for "Chok Anan" Mangos, fruit were classified into six weight classes: "extra" (>500 g), "cero" (401-500 g), "one" (301-400 g), "two" (251-300 g), "three" (201-250 g) and "degraded" (<200 g). Crop water use efficiency (WUE) was calculated in accordance to Doorenbos and Kassam (1979) as the quotient of yield (kg ⋅ tree -1 ) and total volume of irrigation water used (m³ ⋅ tree -1 ). Stomatal resistance was measured using a porometer AP4 (Delta T, Cambridge, UK). In 2004, one tree per treatment was monitored by 20 measurements, five to each orientation (N, E, S, W), at three dates in one hour intervals between 8 am and 5 pm. In 2005, two trees per irrigation variant (14 in total), with a homogenous flower set, were selected and measured twice a week in the morning and in the afternoon. Soil moisture for each treatment was monitored via Time Domain Reflectometry (TDR) by use of a Cable Tester 1502c (Tektronix, Beaverton, USA). A total of 49 TDR probes were placed in depths from 10 to 50 cm and positioned according to the kind of irrigation device used. From the same trees, number of fruit was counted; length and maximum width of the fruit was measured at four dates prior to harvest.
In 2004 there was no precipitation throughout the whole cropping period. During the two months before harvest 2005, a total of 70.7 mm of rainfall (equivalent to 1.1 m³ ⋅ tree -1 ) was measured at the orchard. In this case irrigation was reduced according to prior precipitation. However, differences in the applied amount of water could not be avoided, when the rain fell short after the irrigation of one treatment and subsequently the irrigation for the other ones was stopped.
RESULTS AND DISCUSSION
With more than doubled yield in the dry year 2004 and 36.2% increase in 2005, when little rainfall occurred prior to harvest, the beneficial effect and necessity of irrigation in mango production could be proved significantly (Table 2) . Even though differences were only significant in 2004, in both years simple cutting down irrigation volume by half (DI50) resulted in yield loss, whereas under dry conditions (2004) the same volume of water applied as PRD had no negative impact on yield, but increased WUE by 96.7%; more than twice the difference in efficiency between DI50 and FI. Under conditions with some natural precipitation, like 2005, PRD, even if not statistically significant from FI, seemed to be less effective in obtaining maximum yield, however still reached the highest WUE value of irrigation regimes. The newly introduced DI75 treatment on the other hand showed a tendency towards even higher yield response compared to FI parallel to the same considerable increase in WUE of around 30%, as achieved by DI50, but without yield loss. The influence of the application method (dripper or sprinkler) was insignificant.
Looking into the reasons for higher yields in various treatments it can be concluded that the main positive effect of irrigation was on number of fruit per tree (Fig.  1) . So, losses by pre term fruit drop were significantly reduced by FI and PRD treatment in 2004 as well as under FI and DI75 in 2005. In addition DI50 and PRD seem to have beneficial influence on fruit size development (Fig. 2) .
2004, after six month without rain, apart from a significantly smaller variability within the measurements, especially during afternoon hours, stomatal aperture under PRD presented the same diurnal pattern as FI, not showing any increase during the course of the day (Fig. 3) . In contrast, without any irrigation (NI) clear symptoms of drought stress could be visualized as extremely high stomatal resistance values measured during the afternoon preceded by a medium peak before midday (Fig. 4) . Only at some dates in 2005, DI75 trees showed a remarkable increase in stomatal conduction. Overall, under the changing weather conditions of this year, with occasional rainfall, differences in stomatal resistance between the treatments were insignificant (data not shown) and thus ineligible to securely indicate drought stress.
CONCLUSIONS
After two consecutive years of experiment it can be concluded that deficit irrigation strategies, i.e. PRD and DI75, have a considerable potential to increase WUE in mango production. Especially under dry conditions PRD seems to be applicable without significant yield losses, whereas some of its beneficial effect on yield seems to get lost if additional rainfall occurs. This might also be due to the fact that under these more favourable environmental conditions the yield level in general is higher, while at the same time plants might be less preconditioned for water stress and therefore react more sensitive in terms of yield loss to a severe reduction in soil humidity. As PRD treated trees not only showed no increase, but also ranged amongst those with the lowest values in stomatal resistance, it is rather unlikely to assume, that the roots of these trees produced more ABA, to control the closure of the stomata. Therefore experiments under controlled condition with potted trees will be necessary to elucidate this contradiction of increased WUE without increase in stomatal resistance and to clear up the water-saving, yield-conserving mechanism of PRD. Long-term investigations are needed to clearly link the beneficial effects of PRD in terms of yield and WUE to the occurrence of precipitations. These data will build the base to advise farmers which irrigation strategy will be the best under the given environmental conditions.
Considering the stress reaction of the DI75 trees, which showed highest stomatal resistance and also best yield, it needs to be scrutinized, whether the commonly used K c values are still applicable for irrigation management. They might reflect the amount of water needed to maintain the trees under unstressed conditions. Nevertheless, it should be taken into account whether a certain level of drought stress during the fruit development might be beneficial for yield formation. Whether this result can be generalized under all natural conditions regarding precipitation has to be proven by further years of experiment. For the time being it can be assumed, that the crop coefficient (K c ) for mango overestimates the water requirement for optimum yield.
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